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DOI 10.1186/s12906-015-0647-yRESEARCH ARTICLE Open AccessMallotus philippinensis Muell. Arg fruit glandular
hairs extract promotes wound healing on
different wound model in rats
Mayank Gangwar1,2, Manish Kumar Gautam1, Shivani Ghildiyal3, Gopal Nath2 and Raj Kumar Goel1*Abstract
Background: Mallotus philippinensis Muell. Arg (MP, Euphorbiaceae) are widely distributed perennial shrub or small
tree in tropical and subtropical region in outer Himalayas regions. Since, Mallotus philippinensis have been shown to
have a number of medicinal values. Hence our present study was to investigate the healing potential of fruit extract
in rat wound models.
Methods: The study includes acute toxicity and wound healing potential of 50% ethanol extract of MP fruit glandular
hair (MPE). MPE (200 mg/kg) was administered orally, once daily for 10 days (incision and dead space wound)
and 22 days (excision wound). MPE was found safe when given to rats upto 10 times of optimal effective dose.
Wound breaking strength (WBS) in Incision wound and rate of contraction, period of epithelization and scar area in
Excision wound were evaluated. Granulation tissue free radicals (nitric oxide and lipid peroxidation), antioxidants
(catalase, superoxide dismutase, and reduced glutathione), acute inflammatory marker (myeloperoxidase), connective
tissue markers (hydroxyproline, hexosamine, and hexuronic acid), and deep connective tissue histology were studied in
Dead space wound.
Results: MPE significantly increased WBS and enhanced wound contraction, and decreased both epithelization period
and scar area compared with control group. MPE was found to decrease free radicals (50.8 to 55.2%, P<0.001) and
myeloperoxidase (44.0%, P<0.001) but enhanced antioxidants (41.1 to 54.5%, P<0.05 to P<0.001) and connective tissue
markers (39.5 to 67.3%, P<0.05 to P<0.01). Histopathological evaluation revealed more density of collagen formation
with minimal inflammatory cells in deeper tissues.
Conclusion: Thus, the study revealed Mallotus philippinensis fruit hair extract, safe and effective in wound healing and
the healing effects seemed to be due to decrease in free radical generated tissue damage, promoting effects
on antioxidant status and faster collagen deposition as evidenced biochemically and histology.
Keywords: Mallotus philippinensis, Incision, Excision, Dead space, Wound healingBackground
Wound is a type of injury in which skin is torn, cut or
punctured (an open wound), or where blunt force trauma
causes a contusion (a closed wound). Wound healing is a
multifaceted and protracted phenomenon which repairs the
injured tissue completely or partially depending on the se-
verity of wounding. This whole process can be summed up
in three overlapping phases inflammatory phase (consisting* Correspondence: rkgoelbhu50@gmail.com
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unless otherwise stated.of haemostasis and inflammation), proliferative phase (con-
sisting of granulation, contraction and epithelialization) and
remodelling phase which organized structure with in-
creased tensile strength [1]. Many factors such as in-
flammatory and immune responses as well as microbial
infection have been reported to impair and delay the
healing process. Macrophages play very crucial role in
wound healing process by releasing various inflamma-
tory mediators viz. myeloperoxidase, cytokines and free
radicals which lead to increased reactive oxygen speciesal. This is an Open Access article distributed under the terms of the Creative
ommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and
iginal work is properly credited. The Creative Commons Public Domain
g/publicdomain/zero/1.0/) applies to the data made available in this article,
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tissue damage and decrease in anti-oxidants which help in
healing by neutralizing ROS [2,3].
Plants or herbal products play a crucial role for the
treatment of wound healing in almost every part of
the developing world [4]. In traditional system of
medicine, healers provide crude extract to treat skin
afflictions including wounds such as sores, bites, burn
and lacerations from a range of medicinal plants. It
will contribute to healthcare provisional for rural com-
munities [5]. Mallotus philippinensis Lam. Muell. Arg
(Euphorbiaceae) (MP) are shrubs or small trees which
grow on mountain slopes or valleys, limestone hills or
river valleys and forests at an altitude of 300–1600 m.
Kamala, a red colored powder consisting of glandular
hairs from its fruit capsule has been used as ant-
helminthic, cathartic and many more pharmacological
activities in traditional medicine [6,7]. During litera-
ture search we noted that MP was used as traditional
healers in India. The natives use the powdered fruit to
dress the wounds [8,7]. We have also studied that MP
fruit extract possessed good anti-inflammatory and an-
algesic activity which can be important for the healing
effect of MP. Therefore, we studied the ethanol extract
of MP for its wound healing activity. However, this
plant is employed in herpetic ringworm, scabies and
other parasitic skin diseases. During our pharmacological
investigation, we have also performed antioxidant and free
radical scavenging activity of MP extract, which is im-
portant for wound healing [9]. Apart from this work,
Furomoto et al., [10] reported important phytochemi-
cals like cinnamtannin B-1, protocatechuic acid in
ethanol MP bark extract which have the potential
effect on the migration of mesenchymal stem cells
from the bone marrow or perivascular regions into
blood circulation and reported to improve wound
healing in mouse. Protocatechuic acid has been shown
to promote the migration and proliferation of adipose
tissue-derived stromal cells (ADSCs) in vitro. These
data suggest that the components of MP may provide
new therapeutic options for regenerative medicine and
could remodel wounded tissues [10]. Therefore, we
studied the ethanol extract of MP for its wound heal-
ing activity.
Our laboratory has been engaged in evaluating the
ulcer protective and wound healing effects of various
herbal plants where we have demonstrated important
roles of oxidative stress caused by enhanced status of
free radicals versus low antioxidant status [11-13]. The
present study was therefore, aimed to evaluate the
wound healing effect of 50% ethanol extract of MP
fruit glandular hair (MPE) by using different in-vivo
wound healing animal models. The assessments of the
wound healing parameters also include study of anti-oxidants, free radicals, acute inflammatory marker,
myeloperoxidase, collagen tissue determinants and
histological examination for the scientific support.Methods
Experimental animal Healthy Charles-Foster albino rats
(150–200 g) were procured from the Central Animal
House (Reg.no.542/02/ab/CPCSEA), Institute of Med-
ical Sciences, Banaras Hindu °University, Varanasi,
India. All the healthy pathogen free animals were
housed in polypropylene cages in departmental animal
house with standard condition (26 ± 2°C temperature
and 44–56% relative humidity, light and dark cycles of
10 and 14 h, respectively, for one week before and
during the experiments). Standard rodent pellet diet
(Pashu Aahar Vihar, Ramnagar, Varanasi) and water ad
libitum were provided for animals. All animal experi-
mental manipulations and postoperative care were
conducted according to Institute for Laboratory Ani-
mal Research, US i.e. guide for the Care and Use of
Laboratory Animals [14,15]. The study also was ap-
proved by the Institutional Animal Ethical Committee
for experimental work (Notification no. Dean/13-14/
CAEC/331 dated 20.11.2013). Animals were anaesthe-
tized with pentobarbitone in the dose of 35 mg/kg in-
traperitoneally in wound models creation while light
ether anesthesia by our expert technician in dosing as
the excision wound was raw and painful till 12 days
post wound. All experiments were performed in clean,
but nonsterile conditions. Animals were allowed to
breath spontaneously during the surgery. A heating
lamp was used to preserve the body temperature at
approximately 37°C. All animals were given regular
diet and water ad libitum on the day of experiments.
Plant material and preparation of extract: Mallotus
philippinensis fruits were collected from Botanical Gar-
den, Department of Dravyaguna, Institute of Medical
Sciences, Banaras Hindu University (25.5° N, 82.9° E;
elevation, 79 ft/85 m) India. The plant was collected in
March to April during fruiting season and was identified,
authenticated by Prof. R.K. Asthana Department of Bot-
any, Banaras Hindu University India. A reference voucher
number RKA/BOT/Sept.10-12 was assigned to the plant
samples and preserved in Department of Botany. The
red color glandular hair powder adheres at the surface
of shade dried fruits was collected. Approx 500 g of
powder was added 1000 ml of 50% ethanol in a round
bottom flask and was kept at room temperature for
3 days in shade. The organic fraction was collected and
concentrated in-vacuum in a rotary evaporator and the
residue was dried in desiccators over calcium chloride
till further use. The final yield (w/w) of the extract was
11.6%.
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India) and all the other chemicals and reagents were
used of analytical grade.
Acute oral toxicity
Toxicity studies were performed according to Organization
for Economic co-operation and Development (OECD)
guidelines. Male and nulliparous and non pregnant
healthy female rats were used in this study (n=6, 3 each
either sex). Animals were observed for 48 h for their
neurological changes such as tremors, convulsions, sali-
vation, sleep, feeding behavior and behavioral changes
after administration of MPE [16].
Treatment protocol
MPE and the standard drug, Vitamin E (VTE) were sus-
pended in 0.5% Carboxy methyl cellulose (CMC) in dis-
tilled water. The animals received MPE/VTE, orally
once daily with the help of an oro-gastric tube in the
volume of 10 ml/kg body weight from day 1, 4 hour after
the induction of wounds either for 10 days (Incision and
dead space wound study) or 20 days or till the period of
complete epithelization (Excision wound study) while,
control rats received 0.5% CMC only.
Wound healing study
Linear incision wound model
Animals were divided in five groups with six rats in each
group. Group 1 served as control (CMC), groups 2-4
were treated orally with MPE 100, 200 and 400 mg/kg
and group 5 was treated orally with VTE (200 mg/kg,
positive control). Animals were anaesthetized with pento-
barbitone in the dose of 35 mg/kg intraperitoneally. Two
paravertebral incisions (6 cm long) were made through
the full thickness of the skin on either side of the vertebral
column. Wounds were closed with interrupted sutures,
1 cm apart. The sutures were removed on the 7th day.
Wound breaking strength (WBS) was measured on the
10th post-wounding day [11]. A preliminary dose response
study with MPE indicated 200 mg/kg of MPE as an opti-
mal effective dose and this dose was then selected for fur-
ther study on excision and dead space wound models.
Excision wound model
Excision model was basically used to monitor wound con-
traction and wound closure time. Animals were divided in
three groups (6 animals in each group), group 1, served as
control, group 2, received oral MPE (200 mg/kg) while,
the 3rd group received oral VTE (200 mg/kg). The back
hairs of the animals were depilated by shaving. The cir-
cular wound was created on the dorsal interscapular re-
gion of each animal by excising the skin with a circular
piece of full thickness (~500 mm2) was cut off; wounds
were left open. The progressive changes in wound areawere monitored by drawing traced on 1 mm2 graph
paper on the day of wounding and subsequently on al-
ternate day till complete healing of wound. Wound
contraction was calculated as percentage of the reduc-
tion in wounded area and was calculated by a formula
given below. Number of days required for falling of the
scar without any residual raw wound gives the period
of epithelization [12].
% wound contraction ¼ healed area= total wound area 100
Where healed area ¼ original wound area
− present wound area
Dead space model
This model is basically used to estimate tissue collagen
determinants, antioxidants, free radicals and inflamma-
tory marker, myeloperoxidase. Animals were grouped
similar to that in excision wound model. Wounds were
created by implanting two polypropylene tubes (0.5 ×
2.5 cm2 each), one on either side in the lumbar region
on the dorsal surface of each rat. Animals were sacri-
ficed and granulation tissues formed on the implanted
tubes were dissected carefully on 10th post wounding day.
Wet tissue study
Estimation of protein, antioxidants, free radicals and
myeloperoxidase
10% homogenate of the wet granulation tissues was pre-
pared in phosphate buffered saline at 4°C and was used
for the estimation of protein [17], antioxidants, super-
oxide dismutase (SOD) [18] and catalase (CAT) [19] and
reduced glutathione (GSH) [20]; free radicals, nitric
oxide (NO) [21] and lipid peroxidation (LPO) [22]. The
assay of SOD is based on the inhibition of the formation
of NADH-phenazine methosulphate-nitro blue tetrazo-
lium formazan. CAT measurement was done based on
the ability of catalase to oxidize hydrogen peroxide. GSH
activity in the homogenate was estimated by the ability
to reduce DTNB within 5 min of its addition against
blank. LPO levels were estimated in terms of malondial-
dehyde (MDA) released during lipid peroxidation. Ni-
trites and nitrates are formed as end products of reactive
nitrogen products during NO formation which are mea-
sured by using Griess reagent.
For MPO estimation, granulation tissue (5%w/v) was
homogenized in 0.5% hexadecyltrimethylammonium
bromide (HTAB, Sigma-Aldrich, Co., St. Louis, MO,
USA) with 50 mM potassium phosphate buffer, pH 6
[23]. The homogenate was freeze-thawed three times,
sonicated for 10 seconds, and then centrifuged at
14000 × g for 45 minutes at 4°C. The resultant super-
natant was used for estimation of MPO. A unit of
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H2O2 to water in 1 min at 25°C.Dry tissue study
Estimation of collagen determinants
Approximately 200 mg wet granulation tissue were col-
lected and dried at 60°C for two days. 40 mg of dry tis-
sue was taken and hydrolyzed using 6 N HCl for 24 h
on water bath. The resultant hydrolysate were cooled
and neutralized by 10 N NaOH using phenolphthalein
indicator which was then finally diluted with water to
make final 20 mg/ml concentration of dried granulation
tissue. The resultant hydrolysate was used for the esti-
mation of hydroxyproline [24], hexosamine [25] and
hexuronic acid [26] and calculated following the stand-
ard curve prepared using the proper substrate.Histopathology
The deep granulation tissues specimen was collected to
examine the histological changes. The samples were
fixed in 10% buffered formalin, processed, blocked with
paraffin, then sectioned into 5 μ m sections, and stained
with hematoxylin and eosin (HE) stains. The tissues were
examined by light microscope. Fibroblast proliferation
mononuclear and/or polymorphonuclear cells, neovascu-
larization and collagen depositions in deeper collagen tis-
sues were analyzed for wound healing in all the groups.Statistical analysis of the data
Experimental values are expressed as mean ± SEM
(n=6). Wound healing data was statistically performed
primary by repeated measure ANOVA to measure
changes in each animal before and after treatment while
one-way analysis of variance (ANOVA), Dunnett’s test
for multiple comparisons between groups. Software’s
SPSS Version 16 and Graph Pad Prism, version 4 were









4th day 8th day 12th day 144h da
Control
(CMC)
531.2±7.9 432.8±8.9 308.1±15.1 201.3±11.4 125.2±9.
(100.0±0.0) (74.3±2.4) (51.2±2.6) (31.7±2.1) (19.8±0.9
MPE (200) 521.7±7.7 321.5±4.6c 198.5±6.6c 114.5±6.7c 83.7±4.2
(100.0±0.0) (59.9±0.9) (35.0±1.0) (18.4±1.2) (13.9±0.7
VTE (200) 543.7±9.6 314.0±8.2c 187.8±10.9c 103.3±3.9c 43.3±5.9
(100.0±0.0) (53.5±1.5) (25.5±2.1) (17.4±0.8) (5.2±1.2)
Values are mean ± SEM (n= 6). Values in parenthesis indicate mean ± SEM percent
Statistical analysis was done by repeated measure ANOVA* in between the group a
for multiple comparisons was applied between groups (P c< 0.001 compared to resResults
Acute toxicity
For the acute toxicity test, the oral LD50 of ethanol ex-
tract of MPE were found to be greater than 2000 mg/kg
of body weight in both male and female CF rats. At the
end of study period (7 days), no death were recorded
and appeared active with healthy sign and symptoms.
During the day of observation period, the animals were
observed no significant sign of toxicity, adverse pharma-
cological effects or abnormal behavior. This result may




WBS was increased dose-dependently by MPE 100,
200 and 400 mg/kg from 323.3 ± 10.5, 368.3 ± 10.1 to
418.4 ± 14.0 (P<0.1 to P<0.001) compared to control
rats which showed WBS as 291.7 ± 14.2 g on 10th post
wound day. Standard drug, VTE (200 mg/kg) treated
rats showed WBS as 428.3 ± 21.1 g (P <0.001). Opti-
mal effective dose of 200 mg/kg of MPE was then se-
lected for further work.
Excision wound model
Excision model showed a time dependent contraction of
rat wound in control rats, while complete epithelization
was observed on the 24th day. Contraction rate in con-
trol group was 25.7 to 68.3% from day 4 to day 12 while
80.2 to 98% from day 14 to day 20. The average number
of days of epithelization and scar area was 10.5 days and
79.5 mm2 respectively. Wound contraction percentage of
rats treated with both MPE and VTE (200 mg/kg) showed
faster and similar contraction of 40.1 and 46.5%, 77.1 and
82.6%, and 99.4 and 99.9% on day 4, 12 and 20 respect-
ively compared with control group (Table 1 and Figure 1).
Mean epithelization period and scar area of MPE and
VTE were 8.2 and 7.4 days and, 29.2 and 26.3 mm2 re-
spectively indicating their comparable effects.ization period and scar area in rats: excision wound study
F values* P values*
y 16th day 18th day 20th day 22nd day
1 91.7±4.8 44.7±2.4 18.7±2.4 5.5±0.3 486.4 0.000
) (14.4±1.3) (6.6±0.5) (2.0±0.5) (0.7±0.1)
c 44.2±3.6c 20.8±1.4c 4.2±0.3c 0.0±0.0c 1692.0 0.000
) (5.7±0.7) (3.3±0.3) (0.6±0.1) (0.0±0.0)
c 35.3±3.1c 6.7±0.6c 0.7±0.1c 0.0±0.0c 926.0 0.000
(4.6±0.6) (0.9±0.1) (0.1±0.02) (0.0±0.0)
of respective 0 day value using repeated measure ANOVA.
s indicated by P and F values in the table while, one way analysis of variance
pective day control group).





Figure 1 Images represents excision wound healing of control (0.5% CMC), MPE (200 mg/kg) and VTE (200 mg/kg) oral treated rats on day 0, 8,
12 and 20.
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Wet granulation tissue parameters
MPE and VTE showed increase in both Wet tissue
weight (mg/100 g body weight) 470.8 ± 23.1 and 449.4 ±
13.6 (P<0.01) and protein (mg/g wet tissue) 61.1 ± 1.07
and 65.8 ± 2.15 (P<0.01) compared to control group wet
tissue weight (373.3 ± 15.8 mg) and protein (52.3 ±
2.49 mg).
The mean control values for antioxidants, GSH, SOD
and CAT were 13.1 ± 0.56 nM/mg protein, 323.3 ± 21.7
and 37.0 ± 3.75 mU/mg protein respectively; free radi-
cals LPO and SOD were 5.57 ± 0.35 and 32.6 ± 1.15 nM/
mg protein while, MPO was 30.2 ± 1.79 mU/mg protein.
Both MPE and VTE showed increase in the level of anti-
oxidants (P<0.001) while, free radicals and acute inflam-
matory marker, MPO were decreased (P<0.001) (Figures 2
and 3).
Dry connective tissue parameters
MPE showed a significant increase in the dry weight (15.9%,
P<0.05) of granulation tissue. Protein (29.0%, P<0.05) and
levels of collagen determinants; hydroxyproline, hexosamineand hexuronic acid (34.8 to 85.2% increase, P<0.05 to
P<0.001) were also increased significantly in dry granulation
tissue compared with respective control group. The results
with MPE were comparable withVTE on the connective tis-
sue parameters (Table 2).
Histology of deep granulation tissue of control rat
showed scattered eosinophilic collagen tissue and some
mononuclear inflammatory cells while, MPE and VTE
treated rats showed large number of collagen tissue, neo-
vascularisation with minimal mononuclear inflammatory
cells (Figure 4).
Discussion
Healing of wound occurs mainly in three major pro-
cesses i.e. epithelization, contraction and connective
tissue deposition. New collagens and its subsequent
maturation decide and regulate the rate and extent of
healing [11]. In the early process of wound healing, in-
flammatory cells promote migration and proliferation of
endothelial cells, which synthesize extracellular matrices
including collagen, and of keratinocytes resulting to neo-
vascularization and re-epithelialization of the wounded
Figure 2 Effect of MPE and VTE on deep granulation tissue antioxidants, reduced glutathione (GSH), Superoxide dismutase (SOD) and Catalase
(CAT). Results are mean ± SEM of 6 rats in each group. Control values of GSH, 13.1±0.56 nM/mg protein; SOD, 323.3±21.7 mU/mg protein and
CAT, 37.0±3.75 mU/mg protein. P values: a< 0.05 and c< 0.001 compared to respective control group. (Statistical analysis was done by one way
analysis of variance followed by Dunnett’s test for multiple comparisons).
Gangwar et al. BMC Complementary and Alternative Medicine  (2015) 15:123 Page 6 of 9tissue [27]. Collagen and collagen derived fragments regu-
lates different cellular functions such as cell shape and its
differentiation, migration and synthesis of a number of
proteins in extracellular matrix [28]. Strength of wound
depends on remodeling of collagen and the formation of
stable intra- and inter-molecular cross links. Large fibrils
and complex fibrous superstructures are formed from col-
lagen which is mainly responsible for tensile strength of
the tissue [29,30]. In incision wound model, MPE treated
group showed an increase in tensile strength which may
be attributed due to the increase in collagen concentration
and stabilization of the fibers [11]. Wound contractionFigure 3 Effect of MPE and VTE on free radicals (Lipid peroxidation, LPO an
Results are mean ± SEM of 6 rats in each group. Control values of LPO, 5.5
MPO, 30.2 ± 1.79 mU/mg protein. P value c< 0.001 compared to respective
variance followed by Dunnett’s test for multiple comparisons).involves contraction, narrowing or closing of the wound.
Process of healing is regulated by synthesis, deposition and
maturation of collagen [31]. MPE treated group showed
faster contraction of wound might be due to interleukin-8
stimulation, an inflammatory α -chemokine which alters
the function and recruitment of various inflammatory cells,
fibroblasts and keratinocytes [32].
Collagens breakdown results in liberation of free hy-
droxyproline which can be a good index for measuring
collagen turnover in the granulation tissue. The result
showed that MPE treated rats showed an increase in hy-
droxyproline level causing rapid healing with concurrentd nitric oxide, NO) and inflammatory marker, myeloperoxidase (MPO).
7 ± 0.35 mU/mg protein and NO., 32.6 ± 1.15 mM/mg protein; and
control group. (Statistical analysis was done by one way analysis of
Table 2 Effect of MPE and VTE on deep granulation tissue dry weight, protein, hydroxyproline (HXPR), hexosamine
(HXAM) and hexuronic acid (HXUA): dead space wound study
Oral treatment








Control (1%CMC) 72.2 ± 2.78 178.9 ± 12.8 157.8 ± 8.19 79.9 ± 8.22 18.9 ± 2.29
(100.0 ± 3.85) (100.0 ± 7.15) (100.0 ± 5.19) (100.0 ± 10.3) (100.0 ± 12.1)
MPE 200 83.7 ± 2.51a 230.8 ± 14.4a 220.1 ± 12.5b 133.7 ± 13.1b 27.2 ± 1.47a
(115.9 ± 3.48) (129.0 ± 8.05) (139.5 ± 7.92) (167.3 ± 16.4) (143.9 ± 7.78)
VTE 200 86.6 ± 2.76b 232.7 ± 11.4a 212.7 ± 9.40b 129.1 ± 9.37b 35.0 ± 2.00c
(119.9 ± 3.82) (130.1 ± 6.37) (134.8 ± 5.96) (161.6 ± 11.7) (185.2 ± 10.6)
Results are mean ± SEM (n=6). Values in parenthesis indicate percent of respective control value.
P values: a< 0.05, b< 0.01 and c< 0.001 compared to respective control group (Statistical analysis was done by one way analysis of variance followed by Dunnett’s
test for multiple comparisons).
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line, hexosamine is the matrix molecule which acts as a
ground substance for new extracellular matrix in wound
area. There are various reports which suggested in-
creased level of hexosamine resulted into stabilization of
collagen molecules by enhancing electrostatic and ionic
interaction [33]. These molecules have the ability to bind
and alter protein-protein interaction that plays a key role
in cellular responsiveness in development, homeostasis,
and disease [34]. MPE was found to increase the level of
hexosamine reflecting its wound healing effects.
Oxidative stress is responsible for the production of
reactive oxygen species (ROS), which results in delayed
healing process and cytotoxicity [35]. During chronic
wound, along with oxidative stress, neutrophil derived
peroxidases including MPO and cytokines contribute in
tissue damage [36]. The main strategy for healing the
chronic wound is thus, to eliminate the over produced
ROS [37]. Therefore, enhanced levels of antioxidants
would lead to ROS elimination and inflammation (due
to decreased oxidative stress) and better chances of
wound healing. Our experiment on wound healing in rat
treated with MPE showed increased antioxidants buta
Figure 4 Histopathological examination of dead space granulation tissue a
showed mononuclear inflammatory cells (black arrow), scattered abundanc
number of collagen tissue (fibrosis) and neovascularisation with minimal in
collagen tissue (fibrosis) and neovascularisation.reduced myeloperoxidase and free radical levels which
promoted the healing process by preventing inflamma-
tion and oxidative stress.
Mallotus philippinensis (MP) is widely used as a trad-
itional medicine in several parts of countries including
India. MP contains the active phenolic compounds, di
and triterpenoids, steroids, flavonoids, coumarinolignoids,
phloroglucinol derivatives, benzopyrans etc. which are re-
sponsible for their various biological activities like anti-
inflammatory, wound healing, antioxidant etc. Rottlerin,
also called mallotoxin is an active compound present in
MP was shown to have antioxidant, antiradical, anticesto-
dal [38,39]. Bark of Mallotus has been reported for total
antioxidant activity and antiradical effect against DPPH,
and phenolic fraction showing strongest antiradical activ-
ity against DPPH and reducing power [40]. Different Bark
extract of Mallotus philippinensis has been tested in-vitro
for wound healing activity by examining the proliferation,
migration of mesenchymal stem cell by secreting vari-
ous cytokines to wounded site from bone marrow to
systemic circulation and finally remodel wounded tis-
sues [10]. The beneficial effect of MPE on wound heal-
ing could be attributed to the presence of many activecb
t day 10 stained with H&E (100 x). (a) granulation tissue of control rat
e of eosinophilic fibroblasts (red arrow). (b) MPE treated showing large
flammatory cells. (c) VTE treated showing near to normal features,
Gangwar et al. BMC Complementary and Alternative Medicine  (2015) 15:123 Page 8 of 9principles promoting wound healing through their anti-
oxidant, anti-inflammatory and effects on inflammatory
cytokines and peroxidase.
Wound while exposure to external environment be-
comes prone to attack by microbes which would alter
the natural healing process. MP has been shown to
have wide range of antimicrobial activity against human
pathogens which could reduce the skin infection and
enhance wound healing process [41].
Conclusion
The result of the study supports the traditional use of
Mallotus philippinensis fruit for wound healing poten-
tial. Mallotus philippinensis fruit glandular hair extract
demonstrated significant wound healing activity through
enhancing collagen synthesis and antioxidant effects
neutralizing the tissue damaging effects of free radicals
and inflammatory cytokines and damaging peroxidase
enzymes as evidenced from the histological and bio-
chemical studies of deep granulation tissue. Thus, the
present investigation scientifically validates the use of
Mallotus philippinensis in wound healing.
Competing interests
The authors declare that they have no competing interests.
Authors’ contributions
GN and RKG were the main principal investigator with respect to concept,
designing and major experimental procedures and reviewed the final
manuscript. MG participated in plant collection, performing all experimental
studies and also helped in manuscript preparation, data acquisition and
analysis. MKG and SG participated in some experimental sections including
biochemical analysis, manuscript editing and in statistical analysis. All authors
read and approved the final manuscript.
Acknowledgements
Authors gratefully acknowledged the financial support provided by CSIR,
Government of India, New Delhi for providing Senior Research Fellowship, in
the form of research fellowship.
Author details
1Department of Pharmacology, Faculty of Modern Medicine, Institute of
Medical Sciences, Banaras Hindu University, Varanasi 221005, India.
2Department of Microbiology, Faculty of Modern Medicine, Institute of
Medical Sciences, Banaras Hindu University, Varanasi 221005, India.
3Department of Dravyaguna, Government College & Hospital, S.S.V.V.,
Varanasi 221002, India.
Received: 6 June 2014 Accepted: 13 April 2015
References
1. Wild T, Rahbarnia A, Kellner M, Sobotka L, Eberlein T. Basics in nutrition and
wound healing. Nutrition. 2010;26:862–6.
2. Tam JCW, Jau KM, Liu CL, To MH, Kwok HF, Lai KK, et al. The in-vivo and
in-vitro diabetic wound healing effects of a 2-herb formula and its
mechanisms of action. J Ethnopharmacol. 2011;134:831–8.
3. Wanga J, Ruana J, Caia Y, Luob Q, Xuc H, Wu Y. In vitro and in vivo
evaluation of the wound healing properties of Siegesbeckia Pubescens.
J Ethnopharmacol. 2011;134:1033.
4. Mensah YA, Houghton JP, Dickson AR, Fleischer TC, Heinrich M, Bremner P.
In-vitro evaluation of effects of two Ghanaian plants relevant to wound
healing. Phytother Res. 2006;20:941–4.5. Okeke TA, Okafor HU, Uzochukwu BSC. Traditional healers in Nigeria:
perception of cause, treatment and referral practices. J Biosoc Sci.
2006;38:491–500.
6. Gupta AK, Chauhan JS. Constituents from the stem of Bauhinia variegate.
Natl Acad Sci Lett. 1984;7:15–6.
7. Gangwar M, Goel RK, Nath G. Mallotus philippinensis Muell. Arg
(Euphorbiaceae): Ethnopharmacology and phytochemistry review. Biomed
Res Int. 2014;2014:13. doi:10.1155/2014/213973.
8. Herbnet for anything herbal, The Herb Growing & Marketing Network.
“Indian kamila (Mallotus philippinensis)”. http://www.herbnet.com/Herb%
20Uses_IJK.htm.
9. Gangwar M, Gautam MK, Sharma AK, Tripathi YB, Goel RK, Nath G.
Antioxidant capacity and radical scavenging effect of polyphenol rich
Mallotus philippenensis fruit extract on human erythrocytes: an in vitro study.
Sci World J. 2014;2014:1–12.
10. Furumoto T, Ozawa N, Inami Y, Toyoshima M, Fujita K, Zaiki K, et al. Mallotus
philippinensis bark extracts promote preferential migration of mesenchymal
stem cells and improve wound healing in mice. Phytomedicine.
2014;S0944–7113(13):00360–7.
11. Agarwal PK, Singh A, Gaurav K, Goel S, Khanna HD, Goel RK. Evaluation of
wound healing activity of extracts of plantain banana (Musa sapientumvar.
paradisiaca) in rats. Indian J Exp Biol. 2009;47(1):32–40.
12. Murthy S, Gautam MK, Goel S, Purohit S, Sharma H, Goel RK. Evaluation
of in-vivo wound healing activity of Bacopa monniera on different
wound model in rats. Biomed Res Int. 2013;2013:9. doi.org/10.1155/2013/
972028.
13. Gautam MK, Purohit V, Agarwal M, Singh A, Goel RK. In-vivo healing
potential of Aegle marmelos in excision, incision and dead space wound
models. Sci World J. 2014;2014:9. doi:10.1155/2014/740107.
14. AAALAC [Association for Assessment and Accreditation of Laboratory
Animal Care] International. 2003. Who’s responsible for offsite animals?
Connection Spring: 6-11, 13. Available at www.aaalac.org/publications.
15. Guide for the Care and Use of Laboratory Animals, 7th ed, 1996, National
Academy Press, 125 p, ISBN 0-309-05377-3.
16. Organization for Economic co-operation and Development (OECD). OECD
guidelines for testing of chemicals- 425 (Acute oral toxicity- up and down
regulation procedure). Available at http://www.oecd.org/chemicalsafety/
risk-assessment/1948378.pdf.
17. Lowry OH, Rosenborough NJ, Farr AL, Randal RJ. Protein measurement with
the Folin phenol reagent. J Biol Chem. 1951;193:265–75.
18. Kakkar P, Das B, Viswanathan PN. A modified spectrophotometric assay of
superoxide dismutase. Indian J Biochem Biophys. 1984;21:130–2.
19. Aebi HU. Catalase in Methods in Enzymatic Analysis 1983; 3, Academic
Press, New York, NY, USA, edited byΗ.U. Bergmeyer.
20. Sedlak J, Lindsay RH. Estimation of total, protein-bound, and non-protein
sulfhydryl groups in tissue with Ellman’s reagent. Anal Biochem.
1968;25:192–205.
21. Miranda KM, Espey MG, Wink DA. A rapid, simple spectrophotometric
method for simultaneous detection of nitrate and nitrite. Nitric Oxide.
2001;5:62–71.
22. Ohkawa H, Ohishi N, Yagi K. Assay for lipid peroxides in animal tissues by
thiobarbituric acid reaction. Anal Biochem. 1979;95:351–8.
23. Bradley PP, Priebat DA, Christensen RD, Rothstein G. Measurement of
cutaneous inflammation: estimation of neutrophil content with an enzyme
marker. J Invest Dermatol. 1982;78:206–9.
24. Newman RE, Logan MA. The determination of hydroxyproline. J Biol Chem.
1950;184:299–306.
25. Dische Z, Borenfreund E. A spectrophotometric method for the
microdetermination of hexosamines. J Biol Chem. 1950;184:517–22.
26. Bitter T, Muir HM. A modified uronic acid carbazole reaction. Anal Biochem.
1962;4:330–4.
27. Clark RAF. “Cutaneous wound repair”. In: Goldsmith LA, editor. Physiology,
Biochemistry and Molecular Biology of the Skin. Oxford, UK: Oxford Press;
1991. p. 576–601.
28. Madri JA, Marx M. Matrix composition, organization, and soluble factors:
modulators of microvascular cell differentiation in vitro. Kidney Int.
1992;41:560–5.
29. Heino J, Huhtala M, Käpylä J, Johnson MS. Evolution of collagen-based
adhesion systems. Int J Biochem Cell Biol. 2009;41:341–8.
30. Herr AB, Farndale RW. Structural insights into the interactions between
platelet receptors and fibrillar collagen. J Biol Chem. 2009;284:19781–5.
Gangwar et al. BMC Complementary and Alternative Medicine  (2015) 15:123 Page 9 of 931. Dunphy JE, Udupa KN. Chemical and histochemical sequences in the
normal healing of wounds. N Engl J Med. 1995;17:847–51.
32. Moyer KE, Saggers GC, Allison GM, Mackay DR, Ehrlich HP. Effects of
interleukin-8 on granulation tissue maturation. J Cell Physiol.
2002;193:173–9.
33. Prasad SK, Kumar R, Patel DK, Hemalatha S. Wound healing activity of
Withania coagulans in streptozotocin-induced diabetic rats. Pharm Biol.
2010;48:1397–404.
34. Trownbridge JM, Gallo RL. Dermatan sulfate: new functions from an old
glycosaminoglycan. Glycobiology. 2002;12:117R–25.
35. Dissemond J, Goos M, Wagner SN. The role of oxidative stress in the
pathogenesis and therapy of chronic wound. Hautarzt. 2002;53:718–23.
36. Song HS, Park TW, Sohn UD. The effect of caffeic acid on wound healing in
skin-incised mice. Korean J Physiol Pharmacol. 2008;12:343–7.
37. Mikhal’chik EV, Anurov MV, Titkovaetal SM. Activity of antioxidant enzymes
in the skin during surgical wounds. Bull Exp Biol Med. 2006;142:667–9.
38. Gangwar M, Verma VC, Singh TD, Singh SK, Goel RK, Nath G. In vitro
scolicidal activity of Mallotus philippinensis (Lam.) Muell Arg. fruit glandular
hair extract against hydatid cyst Echinococcus granulosus. Asian Pac J Trop
Med. 2013;6(8):595–601.
39. Gangwar M, Dalai A, Chaudhary A, Singh TD, Singh SK, Goel RK, et al. Study
on activity of alcoholic extract of glands and hairs of fruits of Mallotus
philippinensis in murine cestodal infection model. Int J Pharm Pharm Sci.
2012;4:643–5.
40. Arfan M, Hazrat K, Magdalena K. Antioxidant activity of phenolic fractions of
Mallotus philippinensis bark extract. J Food Sci. 2009;27:109–17.
41. Gangwar M, Kumar D, Tilak R, Singh TD, Singh SK, Goel RK, et al. Qualitative
phytochemical characterization and antibacterial evaluation of glandular
hairs of Mallotus philippinensis fruit extract. J Pharm Res. 2011;4:4214–6.Submit your next manuscript to BioMed Central
and take full advantage of: 
• Convenient online submission
• Thorough peer review
• No space constraints or color ﬁgure charges
• Immediate publication on acceptance
• Inclusion in PubMed, CAS, Scopus and Google Scholar
• Research which is freely available for redistribution
Submit your manuscript at 
www.biomedcentral.com/submit
